The aim of this study was to investigate the effects of Sertraline on gonad-pituitary cycle (Testosterone, FSH and LH) and reproductive cells in adult male Balb/C mice. Adult male Balb/C mice were divided into the following 5 groups: control group with no treatment, sham group which received solvent, and the experimental groups which received one dose of Sertraline (0.0178 mg/kg) in the first group, two doses of Sertraline (0.0356 mg/kg) in the second group, and three doses of Sertraline (0.0534 mg/kg) in the third group. Mice were anaesthetized after 7 weeks. Serum samples were collected and Testosterone, FSH and LH levels of serum were assayed. Vase deferans were analyzed for motility, number and viability of sperms. The results of this study showed that the viability, count and motility of sperms were decreased. Testosterone level of blood was also decreased while FSH was increased. There was no significant change in LH level. It is suggested that Sertraline at higher dose decreases sperm production and has the potential to affect adversely fertility in male mice.
used as an antidepressant drug, but it is also applied in the correction of other psychic deviations like obsessive compulsive disorder (OCD), premenstrual dysphoric disorder (PMDD), posttraumatic stress disorders (PTSD) [1] . Treatment strategy is strongly influenced by factors such as type of depression, patients' previous response to treatment, drug-related mood instability, drug interactions, safety and tolerability profile, compliance, latency in overdose, combined psychiatric disorders [2] .
The selective serotonin reuptake inhibitors (SSRIs) enhance serotonergic transmission through relatively selective inhibitions of its neuronal reuptake. They are safe in overdose than tricyclic antidepressants (TCAs) and have fewer autonomic side effects. Besides all these beneficial effects, there are some reports indicating that sertraline may have some side effects on reproductive system [3] [4] .
Spermatogenesis is the process of germ cell proliferation and differentiation within the seminiferous tubules of the testes leading to haploid, free spermatozoon [5] [6] . In response to GnRH from the hypothalamus, the gonadotropins LH and FSH are produced and released from the anterior pituitary and stimulate Testosterone release from Leydig cells and Sertoli cells [7] [8] [9] .
Besides, seminiferous epithelium is capable of producing esterogenes from testosterone to regulate spermatogenesis [10] [11] .
The fact that apoptosis is suppressed by testosterone indicates that testosterone in human male is a critical germ cell survival factor [12] .
In the present study, we investigated the effects of sertraline, on motility, number and viability of sperm and its relation to Testosterone, FSH and LH levels of blood in adult male Balb/C mice.
Materials and Methods
Adult male Balb/C mice were randomly divided into five groups of seven animals: three experimental groups, one control and one sham group. Each group was kept in separate cages. Animals were maintained at temperature of 23˚C ± 2˚C, and diurnal light-dark cycle (12-h light: 12-h darkness) with free access to food and water. The experimental groups received one, two, and three doses of sertraline (0.0178 mg/kg, 0.0356 mg/kg, and 0.0534 mg/kg) regarding the amount administers in human. Control and sham groups received nothing and distillated water, respectively. All treatments were made orally using feeding needle.
After seven weeks all the mice were anaesthetized with chloroform, the vase deferans separated and blood samples were collected. Neubauer lams were used to observe motion and to count sperms, and eosin-negrosine dyeing to study their viability. Observations were made via optical microscope.
After centrifugation, serum samples were seperated, frozen and stored at −20˚C until assayed. Concentrations of testosterone, FSH, and LH in the serum were determined by radio immune assay (RIA), using kits from Padtan Elm kit.
Statistical Analysis
All data were expressed as . .
X S E M ±
. Statistically, significant differences between groups were determined by analysis of variance (One-way ANOVA), followed by Tukey test. P ≤ 0.05 and P ≤ 0.001 were considered as significant.
Results
The results indicate a significant decrease in motility, number and viability of sperm after seven week sertraline administration, in a dose-dependent manner. There was a significant decrease in testosterone level of blood. Using three doses of sertraline (0.0534 mg/kg), it has the most influence on decreasing the testosterone level of blood. On the other hand, there was a significant increase in FSH level of blood while using three doses of sertraline with the most influence on FSH level of blood. There were no significant changes on LH level of blood.
Sperm Motility, Number and Viability
The results of mean sperm motility, number and viability are presented in Figures 1-3 , respectively. a) Effects of sertraline on sperm motility: There is a significant decrease in motility of sperm. Three doses of sertraline (0.0534 mg/kg) per day have the most significant effect on decreasing the motility of sperm (Figure 1) . b) Effects of sertraline on sperm count: Significant decrement in sperm count observed dose-dependently ( Figure 2) . c) Effects of sertraline on sperm viability: There is a significant decrease in viability of sperms. Using three doses of sertraline (0.0534 mg/kg) has the most influence on decreasing the viability of sperm (Figure 3 ).
Hormone Levels
Mean serum concentration of testosterone, FSH and LH levels of blood are presented in the Figures 4-6 , respectively. a) Effects of sertraline on testosterone level of blood: There is a significant decrease in testosterone level of blood. Using three doses of sertraline (0.0534 mg/kg) has the most influence on decreasing the testosterone level of blood (Figure 4) . b) Effects of sertraline on FSH level of blood: There was a significant increase in FSH level of blood. Using three doses of sertraline has the most effect on increasing the FSH level of blood ( Figure 5) . c) Effects of sertraline on LH level of blood: There is no significant difference in LH level of blood among the experimental groups, sham and control groups (Figure 6 ).
Discussion
In this study, we investigated the effects of sertraline on sperm motility, number and viability, and Testosterone, FSH and LH levels of serum in adult male Balb/C mice. The motility, number and viability of sperms were decreased. FSH level of blood increased and this could be the reason for decreasing the number of sperms in adult male Balb/C mice.
It is well-know that spermatogenesis is the process of germ cell proliferation and differentiation within the seminiferous tubules of the testes leading to haploid, free spermatozoon. In fact, spermatogenesis requires complex endocrine [5] and auto/paracrine regulation as well as direct cell to cell interactions [6] . General features of neuroendocrine regulation of the testes by the hypothalamus and pituitary are well established. In response to GnRH from the hypothalamus, the gonadotropins LH and FSH are produced and released from the anterior pituitary [11] .
Spermatogenesis is affected by the pituitary hormone follicle stimulation hormone (FSH) and the male sex hormone testosterone produced by Leydig cells in the interstitial with the FSH receptors and the androgen receptor being restricted, to Sertli cells in the seminiferous epithelium [7] [8] [9] [10] . The Sertoli cells in the seminiferous epithelium are targets for both FSH and testosterone [8] [10] . Seminiferous epithelium is capable of producing esterogenes from testosterone to regulate spermatogenesis [11] [12] [13] .
Hormones such as testosterone, FSH and LH are known to influence the germ cell fate [14] . In human seminiferous tubules, apoptosis indicates under serum free conditions in vitro [15] . The fact that this apoptosis is suppressed by testosterone indicates that testosterone in the human male is a critical germ cell survival factor [12] . A consequence of decrease in intratesicular testosterone is that round spermatids lose their adhesion to the Sertoli cells, slough into the lumen of seminiferous tubules and are occasionally phagocytized by Sertoli cells [16] [17] .
There is strong relationship between the Sertoli cell number and daily sperm production from spermatogonia [18] . In both human and horse, the number of Sertoli cells is related to the levels of spermatogenesis as measured as daily sperm production per testis [19] .
It is generally known and frequently reported that FSH treatment would induce Sertoli cell proliferation in adult males [20] . Consequently, FSH increased the number of the earliest germinal cell generations and increased the differentiation of spermatogonia into spermatocytes [21] .
In this research, we investigated that the Testosterone level of blood decreased while the FSH level of blood increased. Three doses of sertraline (0.0534 mg/kg) have the most effect on decreasing testosterone level of blood. On the other hand, it has the most effects on increasing FSH level of blood.
The effects of sertraline, a widely used antidepressant drug, on reproductive function are still under shadow. Searching thoroughly, no evidence exist upon normal low dose, that usually prescribe, however, some reports mention that it might decrease the testosterone level like other antidepressant drugs such as fluvoxamine, in higher amount. It can be assumed that high doses of sertraline, as a potent selective serotonin reuptake inhibitor, restrains the activity of enzyme engaged in steroid production path way of the testes tissue and leads to decrease the testosterone level of blood [22] . LH level of blood has no significant difference in using sertraline like fluvoxamine, citalopram and paroxitine [23] . Therefore, effects of sertraline on pituitary-gonad cycle in males may manifest as decrease on steroid production and male's sexual dysfunction.
Conclusion
The effects of sertraline on quantification of sperm and pituitary-gonad cycle were investigated in adult male mice. Our research indicates that sertraline especially at higher doses affects regulation of spermatogenesis: Decreasing the motility, number and viability of sperm causes the decrease of the quantification of sperm production and has the potential to affect adversely male fertility in mice. Furthermore, using sertraline at high doses may cause increment in the FSH level of blood. Increasing the FSH stimulates testosterone to release from Leydig cells. Also, decreasing testosterone level of blood, a hormone which is necessary to sperm production, leads to decrease in the motility, number and viability of sperm. It is assumed that decrease in intratesticular testosterone may cause round spermatids to lose their adhesion to the Sertoli cells, slough into the lumen of seminiferous tubules and consequently the number of sperm may decreases.
